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Abstract 



p i' We analyze the contributions of hadronic final-state interactions to the 

strong phases generated in the B -^ Kim weak decays. To this end, we de- 
velop an alternative approach to the commonly employed isobar model based 
upon scalar and vector form factors for pion-pion and pion-kaon interactions. 

> 

O. 

^ : 1 Preliminary remarks 

(N. 

An accurate and unequivocal knowledge of strong phases in weak decay am- 
. plitudes is crucial to any precision test of CP- violating observables. Yet, 

Q ! in heavy meson decays, the decay amplitude is still stricken with hadronic 

uncertainties. This comprises form factors and subleading contributions such 
as annihilation amplitudes as well as mesonic final-state interactions. Here, 
we concentrate on the latter hadronic contribution; in particular, we in- 
vestigate the effects of pion-pion and pion-kaon interactions motivated by 
recent experimental data on S — > Ktttt decays [1-5]. Direct CP violation in 
B -^ p{770)'^K, p{770)^ -^ tt+tt^ decays was discovered recently [2,3]. The 
three-body decays are commonly analyzed within the isobar model. Sev- 
eral other resonances are observed in the experimental effective tttt and nK 
mass distributions. We point out the /o(980) and p(770)°, which we recently 
treated in detail (as well as their interesting interference effects) [6] , and the 
i^*(892) and Kq{1430) which this contribution deals with. 
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2 Long-distance form factors in weak decays 

We assume that QCD factorization is applicable in the kinematical configu- 
ration in which one pion and the kaon form a quasi colinear pair in the B 
center of mass frame, where their interaction with the second pion emitted in 
backward direction is suppressed. Thus, we derive weak decay amplitudes for 
a quasi two-body state following Beneke and Neubert [7]. These amplitudes 
are given by the product of two factorized currents to which non-factorizable 
radiative corrections resummable to all orders in as(/i) can be added. The 
subsequent creation of a two-pion or a pion-kaon pair in an S- or P-wave from 
vacuum is mediated by one of the currents, namely ((7r7r)5^p|7^(l — 75) |0) or 
((7rK)5^p|7^(l — 75)10), and accordingly described by appropriate scalar or 
vector form factors which depend on the relative angular momentum and 
isospin. They can be derived from unitary coupled-channel equations con- 
strained by chiral perturbation theory and experimental data on either vrvr 
or TiK phase shifts and inelasticities via dispersion relations. 

In the following, we shall concentrate on the case of {Ktt)s,p final-state 
interactions. In the Kn mass range below 2 GeV, the resonances i^*(892) 
and i^o(1430) dominate the pion-kaon vector and scalar form factors, respec- 
tively. Here, the B — >■ i^Trvr decay amplitudes contain two contributions, one 
being the QCD factorization amplitudes of weak h -^ sdd ot b —>■ suu transi- 
tions previously mentioned, the other a phenomenological long-distance am- 
plitude with either a c- or w-quark in the loop of the corresponding penguin 
topolog}a [8]. The S'-wave part of the B~ — > {K~t^^)st^~ decay amplitude 
reads 

As = %(M|-m^)^^^I^Fo^-(g^)/r-^(g2)x 

X |A„« + P„-<o/2) + A,K + Pe-aio/2)- (1) 

- k-Jk-^.) [^^^< + '^ - <"^ + ^^^^^ + '^ - ^^/2)] 

while the P-wave amplitude is given by 

Ap = 2V2G^p.-- p.+ Pf--(g2)/r"V)x 

X [A,« + P„-ay2) + A,(a2 + P,-ay2)]. (2) 

Here, q^ is the effective K^ti^ mass squared, FQ^'^{q^) is the scalar /vector 
B -^ TT transition form factor and f^i "^ (g^) denotes the scalar /vector K~7[^ 



^ also called charming penguins in the case of long-distance c-loops which, close to 
on-shell, may be associated with intermediate Dl* D^*^ states. 
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Figure 1: Average Kit effective mass distributions for B^ -^ K^-k^t^^ de- 
cays. The dashed hne represents the S'-wave, the dotted hne denotes the 
P-wave and the sohd one corresponds to the total amplitude. The data are 
from [3]. 

form factor. The a"''^ are combinations of short-distance Wilson coefficients 
and the Aj are products of CKM matrix elements (see Ref. [6] for details). 
The long-distance penguin amplitudes are parametrized by four complex pa- 
rameters Su, Sc, Pu and Pc- 



3 Results & Conclusions 



We are concerned with the four decays B"^ -^ i^^vr'^vr^, B -^ K'tt^tt^ and 
5° — »• K^7T^Tr~ and the corresponding experimental data by the Belle and 
BaBar collaborations [2-5]. Twelve branching fractions and CP- violating 
asymmetries for B — > K*{892)tt and B —>■ i^Q(1430)7r in the above men- 
tioned charge combinations are available as well as 285 data points for the 
Ktt effective mass and helicity angle distributions. The QCD factorization 
amplitudes, despite additional strong amplitudes and phases generated by the 
scalar and vector form factors, do not reproduce the experimental branching 
fractions. In fact, the theoretical values are too small by a factor spanning 
from 2.3 to 3.6 if charming penguin amplitudes are not included. Our results 
then agree with the recent calculations by Cheng, Chua and Soni [9]. We 
note that annihilation topologies, for which thus far no complete calculation 
exists, are not accounted for in this work. Including their contributions in- 
troduces a parametrization similar to the charming penguin one, though a 
different scale sub-leading in AqcD/mf, is involved. 

In Fig. 1, we present some preliminary results on Kn effective mass dis- 
tributions and in Fig. 2 their vrvr counterpart obtained previously [6] for 
comparison's sake. In both cases, charming penguin amplitudes are neces- 
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Figure 2: vrvr effective mass distributions for B^ -^ K^ti^ti^ and B^ —>■ 
K^-K^-K^ decays; the data are taken from [1]. Note that CP violation is well 
visible in the p(770)° mass range. 

sary to reproduce the data. The theoretical curves describe the data struc- 
ture very well. Furthermore, we can, choosing appropriate tttt and ttK mass 
ranges, integrate over these distributions and obtain branching fractions for 
B -^ W80)K, B -^ pi770fK, B -^ K*{892)tt and B -^ K*{U30)tt. 
We stress that our S- and P-waves are described by single unitary waves 
that contain all resonant and non-resonant contributions in a unified way. 
This stands in contrast with the commonly employed isobar model which 
employs distinct resonant and non-resonant amplitudes. It turns out that 
a direct comparison with experimentally obtained branching fractions is not 
straightforward as one has to extract the resonant part of the Kit S- and 
P-waves. 
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